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(57) ABSTRACT 

A hydraulic cylinder assembly includes a transducer having 
a Wand and a Wiper assembly, Wherein the Wiper assembly 
is positioned a predetermined distance from an end of the 
Wand for providing a desired startup resistance. A tube 
includes a piston contained therein for actuation between the 
?rst end of the tube and the second end of the tube. A rod is 
operatively attached to the piston. The piston and the rod are 
movable together between the ?rst and second ends of the 
tube. The second end of the tube includes the transducer for 
monitoring the position of the piston With respect to the 
second cap member. The Wand extends into the piston, and 
the transducer senses the position of the Wiper assembly 
With respect to the Wand for monitoring the position of the 
piston With respect to the second cap member. 

5 Claims, 8 Drawing Sheets 
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HYDRAULIC CYLINDER 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

The present application claims the bene?t under 35 
USC § 119(e) of US. Provisional Application Ser. No. 
60/678,012, ?led May 5, 2005, Which is herein incorporated 
by reference in its entirety. Additionally, US. Pat. No. 
6,450,048 entitled HYDRAULIC CYLINDER MONITOR 
ING APPARATUS is herein incorporated by reference in its 
entirety. 

FIELD OF THE INVENTION 

The present invention generally relates to the ?eld of 
hydraulic piston cylinders, and more particularly to a 
hydraulic cylinder having a linear transducer for measuring 
the displacement of the piston. 

BACKGROUND OF THE INVENTION 

In many applications, hydraulic cylinders are utiliZed as 
linear actuators. Linear transducers are typically utiliZed in 
these applications to monitor the position of a piston or 
piston rod contained Within the hydraulic cylinder. Because 
hydraulic cylinders employing linear transducers need to be 
interchangeable With other hydraulic cylinders, it has been 
challenging to ?nd a Way of installing a linear transducer in 
a Welded cylinder tube While providing access to internal 
components for serviceability and troubleshooting. 

Hydraulic cylinder assemblies, such as the hydraulic 
cylinder monitoring apparatus disclosed in US. Pat. No. 
6,450,048, have been provided for supplying a linear trans 
ducer With a hydraulic cylinder. While this solution Works 
Well, it employs a supplemental end cap bolted to an end cap 
at the base end of the cylinder. Moreover, When the cylinder 
is collapsed, the Wiper assembly is positioned at an end of 
the linear transducer proximal to the base end of the cylin 
der. In such a con?guration, start-up resistance must be 
provided to ensure that the electrical circuit including the 
linear transducer is correctly con?gured. Previously, to 
provide this start-up resistance, resistors have been added to 
the electrical circuit. HoWever, this solution requires addi 
tional components, adding to the complexity of the resulting 
cylinder assembly. Thus, it Would be desirable to provide a 
hydraulic cylinder assembly Which includes a linear trans 
ducer, Wherein the cylinder assembly does not employ a 
supplemental end cap so that the cylinder assembly is more 
easily assembled and disassembled, and Wherein the cylin 
der assembly does not require resisters for providing an 
initial start-up resistance. 

SUMMARY OF THE INVENTION 

Accordingly, the present invention is directed to a hydrau 
lic cylinder assembly including a linear transducer having a 
Wand and a Wiper assembly, Wherein the Wiper assembly is 
positioned a pre-determined distance from an end of the 
Wand for providing a desired startup resistance. In exem 
plary embodiments, the hydraulic cylinder assembly 
includes a tube having a ?rst cap member for closing a ?rst 
end of the tube, and a second cap member for closing a 
second end of the tube. A piston is slidably contained Within 
the tube for actuation betWeen the ?rst end of the tube and 
the second end of the tube. A rod is operatively attached to 
the piston and extends from the piston through an opening 
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2 
in the ?rst cap member. The piston and the rod are movable 
together betWeen the ?rst end of the tube and the second end 
of the tube. The second end of the tube includes the 
transducer for monitoring the position of the piston With 
respect to the second cap member. The transducer includes 
a Wand and a Wiper assembly, Which complete an electric 
circuit for sensing the position of the Wiper assembly With 
respect to the Wand and monitoring the position of the piston 
With respect to the base end. The Wiper assembly is posi 
tioned a pre-determined distance from an end of the Wand 
When the piston is in the second position at the base end of 
the cylindrical tube. By positioning the Wiper assembly a 
pre-determined distance from the end of the Wand, a desired 
startup resistance is provided. 

In one exemplary embodiment Wherein the Wiper assem 
bly is positioned on a side of the piston opposite the base 
end, the Wand of the linear transducer extends out of the 
cylindrical tube past the effective depth of the cylinder for 
measuring the position of the piston With respect to the base 
end. In another exemplary embodiment Wherein the Wiper 
assembly is positioned on the other side of the piston 
(proximal to the base end), the transducer is inserted through 
the second cap member and covered With a supplemental 
cap, or the like. 

It is to be understood that both the foregoing general 
description and the folloWing detailed description are exem 
plary and explanatory only and are not necessarily restrictive 
of the invention as claimed. The accompanying draWings, 
Which are incorporated in and constitute a part of the 
speci?cation, illustrate an embodiment of the invention and 
together With the general description, serve to explain the 
principles of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The numerous advantages of the present invention may be 
better understood by those skilled in the art by reference to 
the accompanying ?gures in Which: 

FIG. 1 is an isometric vieW illustrating a hydraulic cyl 
inder assembly in accordance With an exemplary embodi 
ment of the present invention; 

FIG. 2 is a cross-sectional side elevation vieW of the 
hydraulic cylinder assembly illustrated FIG. 1; 

FIG. 3 is a partial cross-sectional side elevation vieW of 
the hydraulic cylinder assembly illustrated FIG. 1; 

FIG. 4 is an isometric vieW of the hydraulic cylinder 
assembly illustrated FIG. 1, Wherein an assembly technique 
is illustrated; 

FIG. 5 is an isometric vieW illustrating a hydraulic cyl 
inder assembly in accordance With another exemplary 
embodiment of the present invention; 

FIG. 6 is a cross-sectional side elevation vieW of the 
hydraulic cylinder assembly illustrated FIG. 5; 

FIG. 7 is a partial cross-sectional side elevation vieW of 
the hydraulic cylinder assembly illustrated FIG. 5, and 

FIG. 8 is an isometric vieW of the hydraulic cylinder 
assembly illustrated FIG. 5, Wherein an assembly technique 
is illustrated. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Reference Will noW be made in detail to the presently 
preferred embodiments of the invention, examples of Which 
are illustrated in the accompanying draWings. 

Referring to FIGS. 1 through 8, a hydraulic cylinder 
assembly 100 is described in accordance With exemplary 
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embodiments of the present invention. The hydraulic cylin 
der assembly 100 includes a tube, such as a cylindrical tube 
102, having a ?rst cap member 104 for closing a ?rst end 
106 of the cylindrical tube 102, and a second cap member 
(base end) 108 for closing a second end 110 of the cylin 
drical tube 102. Apiston 112 is sealed Within the cylindrical 
tube 102 for movement betWeen a ?rst position at the ?rst 
end 106 of the cylindrical tube 102, and a second position at 
the second end 110 of the cylindrical tube 102. In embodi 
ments, the piston 112 is slidably contained Within the 
cylindrical tube 102 for actuation (e.g., hydraulic actuation). 
A ?rst port, such as a ?rst hydraulic port 114, is located on 
the cylindrical tube 102 to one side of the piston 112, While 
a second port, such as a second hydraulic port 116, is located 
on the cylindrical tube 102 to the other side of the piston 112. 
In embodiments, the ?rst hydraulic port 114 and the second 
hydraulic port 116 are of the type generally found on 
hydraulic cylinders, Where hydraulic pressure in one port 
and exhaust in the other port Will result in movement of the 
piston 112 in one direction, While reversing the hydraulic 
pressure and exhaust in these ports Will result in movement 
of the piston 112 in the other direction. 
A rod 118 is operatively attached to the piston 112 and 

extends from the piston 112 through an opening in the ?rst 
cap member 104. Thus, the piston 112 and the rod 118 are 
movable together betWeen the ?rst position at the ?rst end 
106 of the cylindrical tube 102 and the second position at the 
second end 110 of the cylindrical tube 102. The second end 
110 of the cylindrical tube 102 includes a transducer, such as 
a linear transducer 120, or another type of transducer, for 
monitoring the position of the piston 112 With respect to the 
second cap member 108. For instance, in one embodiment, 
the linear transducer 120 comprises a resistive transducer 
and a potentiometer utiliZing electrical resistance to deter 
mine the position of the transducer. HoWever, in other 
embodiments, the linear transducer 120 may alternatively 
comprise a magneto-restrictive transducer utiliZing magne 
tism to determine the position of the transducer. It is 
contemplated that various other transducers for sensing 
position may be utiliZed as Well Without departing from the 
scope and intent of the present invention. Those of skill in 
the art Will appreciate that because the linear transducer 120 
may be subjected to hydraulic pressure Within the cylindrical 
tube 102, a seal, such as an O-ring seal, or the like, may be 
provided for sealing the linear transducer 120 against the 
second end 110 of the cylindrical tube 102. 

In embodiments, the linear transducer 120 includes an 
elongated portion, such as a Wand 122, ?xed With respect to 
the second cap member 108; and a folloWer member, such 
as a Wiper assembly 124, ?xed With respect to the piston 112. 
The Wand 122 extends longitudinally through the cylindrical 
tube 102, and the Wiper assembly 124 is movable along the 
Wand 122. The Wiper assembly 124 is positioned a pre 
determined distance from an end of the Wand 122 When the 
piston 112 is in the second position at the second end 110 of 
the cylindrical tube 102. By positioning the Wiper assembly 
124 a pre-determined distance from the end of the Wand 122, 
a desired startup resistance may be provided. Startup resis 
tance may be measured for providing broken electrical Wire 
diagnostics, and/or detecting an open fault or short. In 
general, startup resistance may be used for correctly con 
?guring the electrical circuit including the linear transducer. 
In one speci?c embodiment, the Wand 122 extends into the 
rod 118 connected to the piston 112, and the Wand 122 and 
the Wiper assembly 124 of the linear transducer 120 com 
plete an electric circuit for sensing the position of the Wiper 
assembly 124 With respect to the Wand 122 and monitoring 
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4 
the position of the piston 112 With respect to the second cap 
member 108. For example, by connecting electrical leads 
126 to the linear transducer 120 and measuring the resis 
tance of the circuit formed by the Wand 122 and the Wiper 
assembly 124, the distance of the piston 112 from the base 
end may be determined. In another speci?c embodiment, the 
Wand 122 and the Wiper assembly 124 of the linear trans 
ducer 120 may utiliZe magnetism for sensing the position of 
the Wiper assembly 124 With respect to the Wand 122. For 
instance, by connecting electrical leads 126 to the linear 
transducer 120 and measuring magnetic ?ux in the magnetic 
circuit formed by the Wand 122 and the Wiper assembly 124, 
the distance of the piston 112 from the base end may be 
determined. 

In an exemplary embodiment, the Wand 122 of the linear 
transducer 120 extends past the effective depth of the 
cylinder (e.g., beyond the ?rst end 106 of the cylindrical 
tube 102). In one speci?c con?guration, illustrated in FIGS. 
1 through 4, Wherein the Wiper assembly 124 extends past 
the effective depth of the cylinder When the piston 112 is in 
the ?rst position at the ?rst end 106 of the cylindrical tube 
102, this alloWs the linear transducer 120 to measure the 
position of the Wiper assembly 124 With respect to the Wand 
122 as the piston 112 moves betWeen the ?rst position at the 
?rst end 106 of the cylindrical tube 102 and the second 
position at the second end 110 of the cylindrical tube 102. 
Thus, the distance of the piston 112 from the base end may 
be measured at any position throughout the length of the 
cylindrical tube 102. This con?guration also facilitates 
engagement of the Wiper assembly 124 onto the Wand 122 
during assembly of the hydraulic cylinder assembly 100. In 
such a con?guration, the rod 118 may be holloW (e.g., 
gun-drilled, or the like) for accommodating the Wand 122 of 
the linear transducer 120. In other embodiments, the rod 118 
may include a partial bore extending longitudinally through 
the rod 118 for accommodating the Wand 122. Those of skill 
in the art Will appreciate that the rod 118 may be formed in 
a variety of Ways for accommodating the Wand 122. More 
over, it Will be appreciated that the Wiper assembly 124 may 
be retained by the rod 118 as Well as being retained by the 
piston 112. 

Preferably, the ?rst cap member 104 is removable from 
the ?rst end 106 of the cylindrical tube 102 for selectively 
closing the ?rst end 106 of the cylindrical tube 102. For 
instance, in a speci?c embodiment, the ?rst cap member 104 
is threadably attached to the ?rst end 106 of the cylindrical 
tube 102. Those of skill in the art Will appreciate that the ?rst 
cap member 104 may be removably attached to the ?rst end 
106 of the cylindrical tube 102 in a variety of Ways Without 
departing from the scope and spirit of the present invention. 
Moreover, those of skill in the art Will appreciate that the 
?rst cap member 104 may be ?xedly attached to the ?rst end 
106 of the cylindrical tube 102 as Well. For example, in an 
alternative embodiment, the ?rst cap member 104 may be 
Welded to the ?rst end 106 of the cylindrical tube 102. 

In a speci?c embodiment, the second cap member 108 is 
Welded to the second end 110 of the cylindrical tube 102, 
While in an alternative embodiment, the second cap member 
108 is threadably attached to the second end 110 of the 
cylindrical tube 102. It Will be appreciated that the second 
cap member 108 may be attached to the second end 110 of 
the cylindrical tube 102 in a variety of Ways Without 
departing from the scope and intent of the present invention. 
Further, it Will be appreciated that the second cap member 
108 may also include a supplemental cap, or the like, for 
alloWing access to components Within the cylindrical tube 
102. For instance, in a speci?c embodiment, the second cap 
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member 108 may include a ?rst portion Welded to the second 
end 110 of the cylindrical tube 102, and a second (supple 
mental) portion connected to the ?rst portion for closing the 
second end 110 of the cylindrical tube 102 via screWs or 
other fasteners. Those of skill in the art Will appreciate that 
access may be provided to components Within the cylindri 
cal tube 102 via the second cap member 108 in a variety 
Ways, Without departing from the scope and spirit of the 
present invention. 

In exemplary embodiments, the hydraulic cylinder assem 
bly 100 of the present invention may be assembled in the 
following manner. First, the Wiper assembly 124 is ?xed in 
place With respect to the piston 112. For example, the Wiper 
assembly 124 may be connected to the piston 112 With a 
snap ring or a like device. In another embodiment, the Wiper 
assembly 124 may be connected to the piston 112 via the rod 
118 (e.g., connected to the rod 118 With a snap ring). In a still 
further embodiment, the Wiper assembly 124 may be posi 
tioned betWeen the piston 112 and the rod 118. The rod 118 
extends through the ?rst cap member 104 of the cylindrical 
tube 102 and is ?xedly connected to the piston 112. The 
electrical leads 126 coupled (e.g., hard Wired) With the linear 
transducer 120 are Wired through the second cap member 
108, Which may be Welded to the second end 110 of the 
cylindrical tube 102. The Wand 122 of the linear transducer 
120 is inserted through the cylindrical tube 102, screWed 
into the base end of the cylindrical tube 102, and tightened 
against the second cap member 108. For example, a croW’s 
foot (possibly including an extension), or a like tool, may be 
utiliZed for tightening a nut holding the linear transducer 120 
in place. The piston 112 and the Wiper assembly 124 are then 
moved into the cylindrical tube 102 such that the Wiper 
assembly 124 is moved along the Wand 122 of the linear 
transducer 120. Finally, the ?rst cap member 104 is utiliZed 
for closing the ?rst end 106 of the cylindrical tube 102. 

This assembly technique is an improvement over previous 
methods, Which required a removable end cap at the base 
end for access to the Wiper assembly. In the present inven 
tion, the second cap member 108 may be Welded to the 
cylindrical tube 102, increasing efficiency of construction, 
ef?ciency of assembly, and overall cost-effectiveness. More 
over, the Wiper assembly 124 may be positioned on the side 
of the piston 112 or the rod 118 proximal to the ?rst end 106 
of the cylindrical tube 102, alloWing access to the Wiper 
assembly 124 by decoupling the rod 118 from the piston 112. 
Further, the Wiper assembly 124 may be positioned further 
doWn the piston 112, providing a desired startup resistance. 
For example, in this con?guration, the electric circuit com 
pleted by the Wand 122 and the Wiper assembly 124 provides 
resistance When the piston 112 is at the second position at the 
second end 110 of the cylindrical tube 102. 

In another speci?c embodiment, illustrated in FIGS. 5 
through 8, the second cap member 108 may also include a 
supplemental cap, such as a plug 128, or the like, for 
alloWing the Wand 122 of the linear transducer 120 to be 
inserted through the second cap member 108 and into the 
cylindrical tube 102. In this con?guration, the end of the 
linear transducer 120 proximal to the second end 110 of the 
cylindrical tube 102 may be positioned further from the 
piston 112 and the Wiper assembly 124, providing a desired 
startup resistance even When the Wiper assembly 124 is 
positioned adjacent to the base end. For example, in this 
con?guration, the electric circuit completed by the Wand 122 
and the Wiper assembly 124 provides resistance When the 
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6 
piston 112 is at the second position at the second end 110 of 
the cylindrical tube 102. Those of skill in the art Will 
appreciate that a variety of con?gurations may be utiliZed 
for separating the Wiper assembly 124 from an end of the 
linear transducer 120 and providing a desired startup resis 
tance for the electrical circuit formed via the linear trans 
ducer 120 and the electrical leads 126 Without departing 
from the scope and intent of the present invention. 

It is believed that the present invention and many of its 
attendant advantages Will be understood by the foregoing 
description, and it Will be apparent that various changes may 
be made in the form, construction and arrangement of the 
components thereof Without departing from the scope and 
spirit of the invention or Without sacri?cing all of its material 
advantages. The form herein before described being merely 
an explanatory embodiment thereof, it is the intention of the 
folloWing claims to encompass and include such changes. 

What is claimed is: 
1. A method for assembling a hydraulic cylinder, the 

hydraulic cylinder including a tube having a ?rst end and a 
second end; a ?rst cap member for closing the ?rst end of the 
tube, the ?rst cap member having an opening therein; a 
second cap member for closing the second end of the tube; 
a piston sealed Within the tube for movement betWeen a ?rst 
position at the ?rst end of the tube and a second position at 
the second end of the tube; and a rod operatively attached to 
the piston and extending from the piston through the open 
ing in the ?rst cap member, the piston and the rod movable 
together betWeen the ?rst position and the second position, 
comprising: 

positioning a transducer Within the tube, the transducer 
including an elongated portion ?xed With respect to the 
second cap member and a folloWer member ?xed With 
respect to the piston and movable along the elongated 
portion of the transducer for monitoring the position of 
the piston With respect to the second cap member, for 
alloWing the transducer to measure the position of the 
folloWer member With respect to the elongated portion 
as the piston moves betWeen the ?rst position at the ?rst 
end of the tube and the second position at the second 
end of the tube; 

installing the piston Within the tube so that the elongated 
portion of the transducer extends through the folloWer 
member, the elongated portion extending beyond the 
?rst end of the tube for facilitating engagement of the 
folloWer member onto the elongated portion of the 
transducer, and 

measuring startup resistance for broken electrical Wire 
diagnostics and/or detecting open faults or shorts. 

2. The method as claimed in claim 1, further comprising 
positioning the folloWer member so that the folloWer mem 
ber is a pre-determined distance from an end of the elon 
gated portion of the transducer When the piston is in the 
second position at the second end of the tube. 

3. The method as claimed in claim 2, Wherein the folloWer 
member is retained by the piston. 

4. The method as claimed in claim 2, Wherein the folloWer 
member is retained by the rod. 

5. The method as claimed in claim 1, Wherein the elon 
gated portion is inserted through the second cap member 
during assembly of the hydraulic cylinder. 

* * * * * 


